INTRODUCTION
============

Spontaneous intracerebral hemorrhage (ICH) is the second most common cause of stroke, occurring globally at a rate of 24.6 per 100000 person-years and causing severe disability and high mortality. In spite of recent clinical trials aimed at improving the outcome of ICH patients, the median case fatality has not decreased over time according to a recent meta-analysis[@B1],[@B15],[@B27],[@B28],[@B38].

CT angiography (CTA) spot sign refers to one or more foci with contrast enhancement within an ICH as a radiologic surrogate marker for hematoma expansion and clinical outcome in acute ICH[@B11]. Hematoma growth is also one of the major determinants of mortality and poor outcome in acute ICH[@B6],[@B8]. Several factors associated with the CTA spot sign have been reported in the Western population, such as large hematoma volume, anticoagulation, and the *APOE* ε2 allele[@B3],[@B4],[@B12]. Oral anticoagulant medication, hemostatic proteins, a CTA spot sign, and high systolic blood pressure have also been reported as contributing factors to hematoma growth in acute ICH[@B1],[@B11],[@B14],[@B26],[@B34]. While the incidence of ICH varies among different countries and is relatively high in the Asian population[@B16],[@B31], there are few studies investigating risk factors and the relationship of the CTA spot sign to hematoma growth in Asian countries[@B25],[@B32],[@B40].

The current study was conducted to investigate the predictive factors associated with the CTA spot sign and hematoma growth of acute spontaneous ICH patients in Korea.

MATERIALS AND METHODS
=====================

Populations and study design
----------------------------

From 2005-2012, we collected retrospective data for consecutive patients with spontaneous supratentorial ICH that were admitted to the Stroke and Cerebrovascular Center at our hospital, which serves a population of approximately 560000. The institutional review boards at our hospital approved the current study. The inclusion criteria were the following : 1) age ≥18 years old and 2) CTA-proven spontaneous supratentorial hemorrhage. Patients with a cerebral aneurysm rupture, traumatic ICH, tumor bleeding, arteriovenous malformation-related ICH, dural arteriovenous fistula associated ICH, cavernous hemangioma, Moyamoya disease, Moyamoya syndrome, probable Moyamoya disease, venous thrombosis, hemorrhagic transformation after cerebral infarction, ICH after thrombolysis, or posterior reversible leukoencephalopathy were excluded. Out of 713 eligible patients with intracerebral hemorrhage from 2005-2012, 287 patients were excluded due to secondary causes of ICH. Of the remaining 426 ICH patients, we excluded those who arrived at our hospital more than 12 hours from ictus, as well as those who did not undergo CTA at admission or at follow-up to determine the factors associated with a spot sign in ICH at the acute stage ([Fig. 1](#F1){ref-type="fig"}).

Baseline characteristics, laboratory and radiologic profiles
------------------------------------------------------------

We scrutinized baseline characteristics of the patients including onset age, hypertension, stroke history, antiplatelet drug medication, warfarin medication, reasons for antithrombotics medication, and aggravation of neurologic status indicated by a decrease in the Glasgow Coma Scale (GCS) score ≥2 or a decrease in the National Institutes of Health Stroke Scale ≥4 within 24 hours of ictus. The hematocrit, international normalized ratio (INR), platelet count, and alanine transaminase (GPT) levels were recorded. Radiologic profiles were also assessed to determine the location of the hemorrhage, volume of the ICH (using the ABC/2 method), location of the spot sign on an enhanced computed tomography (CT) image, intraventricular hemorrhage (IVH) degree (indicating the number of hemorrhage-involved ventricles) and the time from ictus until the CT scan was performed. The location of the hemorrhage was classified as lobar or deep-seated. Hemorrhages originating from the basal ganglia, thalamus, or corpus callosum were categorized as deep-seated hemorrhages. The spot sign was defined as a contrast enhancement focus that was greater than 1 mm in size within the ICH on the axial image of the CTA regardless of the shape of the enhancement ([Fig. 2](#F2){ref-type="fig"}). Hematoma growth was defined as an absolute increase \>6 mL or a relative increase \>33% compared with the initial CT image, or an increased IVH determined on a follow-up CT scan within 14 days of ictus.

CT protocol, ICH management, and outcome measurements
-----------------------------------------------------

All patients presenting with intracranial hemorrhage arrived at our emergency department and underwent brain CT angiography with a multi-detector 64 slice CT scanner (Aquilion, Toshiba Medical System Corporation, Tokyo, Japan). Secondary causes of ICH were thoroughly ruled out through further studies, such as digital subtraction angiography, brain MR imaging, or cerebral venography. A non-contrast CT examination was performed using an axial technique (120 kV, 70 mA, and 5 mm slice thickness reconstruction); a multidetector CT scan was subsequently conducted by scanning from the base of the C7 vertebral body to the vertex using an axial technique (0.641 pitch, 0.5-mm collimation, 350 maximal mA, 120 kVp, 2 mm slice thickness) with 80-100 mL of iodinated contrast material administered using a power injector at 3-4 mL per second into the antecubital vein with an approximately 16- to 18-second delay between the onset of contrast injection and the start of scanning. Protamine sulfate and vitamin K were administered as antidotes to patients with heparin-related and warfarin-related hemorrhage to induce hemostasis. Aminomethylbenzoic acid (150 mg) was routinely injected with normal saline fluid for 3 days. Blood pressure was reduced to \<140 mm Hg for systolic blood pressure (SBP) and \<90 mm Hg for diastolic blood pressure (DBP) through nicardipine or labetalol IV injections for patients with an initial SBP \<180 mm Hg or DBP \<110 mm Hg. In the case of an initial SBP \>180 mm Hg or DBP \>110 mm Hg, the initial SBP or DBP was reduced by approximately 15%. Brain CT or MR scanning was followed-up routinely as follows : 1) between 24 and 72 hours from admission, 2) 4 hours later if a spot sign was found on the initial enhanced CT image, 3) immediately if neurological deterioration occurred, or 4) 7 to 14 days from admission. The hematoma volume was calculated using the formula ABC/2, where A is the greatest diameter on the largest hematoma image, B is perpendicular to line A and C is the vertical depth of the hematoma. The time to reach the target blood pressure according to our center\'s guideline was measured. The surgical treatment of supratentorial ICH was conducted according to our center\'s guidelines.

Screening was conducted by a neurological surgeon, and baseline characteristics were investigated by two training residents. Clinical outcomes were assessed by two trained stroke nurses who were not involved in the current study and unaware of the baseline treatments.

Statistics
----------

For the descriptive analysis, all baseline values are displayed as percentage, and the mean values±standard deviation or the median with the interquartile range are shown. Normality tests were performed on all potential continuous variables, and t-tests were conducted to confirm intergroup differences in cases with normal distributions. For categorical variables, a chi-square test was performed between independent two groups. A binary logistic regression method was used to calculate association predictors for the CTA spot sign and hematoma growth. If the *p* value of a potential factor was less than 0.05 in the univariable analysis, it was entered into the multivariable analysis model, but backward-eliminated to *p*\<0.1. The Hosmer-Lemeshow test was used as a goodness-of-fit test. The Mann-Whitney U test was used to compare variables between two groups with non-normal distributions. *p* values of less than 0.05 were considered statistically significant. Two-tailed methods were used in all statistical analyses. All statistical calculations were performed using SAS version 9.13 (SAS Institute Inc., Cary, NC).

RESULTS
=======

The mean age of the 287 patients was 61.7 (standard deviation 12.7) years. Of these patients, 161 (56.1%) were male and 126 (43.9%) were female. Hypertension was identified in 151 (52.6%), diabetes in 32 (11.5%), hyperlipidemia or statin medication in 62 (21.6%), current smoking in 103 (35.9%), daily alcohol consumption at an amount \>60 g in 41 (14.3%), antiplatelet agent medication in 51 (17.8%), warfarin medication in 7 (2.4%), ischemic stroke history in 11 (3.8%), and hemorrhagic stroke in 6 (2.1%) patients. There were 73 (25.4%) patients with GCS scores of less than 12. Twenty (7.0%) patients deteriorated neurologically within 24 hours of ictus. Forty (13.9%) patients had lobar hemorrhage and 247 (86.1%) had deep-seated hemorrhage. The median hematoma volume was 16 mL (range : 1-160 mL). IVH with or without ICH was noted in 128 (44.6%) patients. The CTA spot sign was identified in 40 (13.9%) patients. Among the 40 patients with the spot sign, 27 (67.5%) had 1 spot, 10 (25%) had 2 spots, 1 (2.5%) had 3 spots, and 2 (5%) had 4 spots. The median Hounsfield units of the spot sign was 152 (range : 74-297). Thirty six (90%) of 40 spot signs were identified within 3 hours from ictus. Hematoma growth within 14 days was identified in 78 (27.2%) patients. Hematoma evacuation was performed in 108 (37.6%) patients. The thirty-day mortality rate was 11.8%. Baseline demography is described in detail in [Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}.

Predictors for CTA spot sign and hematoma growth
------------------------------------------------

In the univariable analysis, reasons for antithrombotics medication, time from ictus to CT scan \<3 hours, hemorrhagic volume ≥30 mL, and intraventricular extension were significantly associated with a CTA spot sign ([Table 1](#T1){ref-type="table"}). These variables, except for antithrombotics medication due to heterogeneous disease entity, were entered into the final multivariable binary logistic regression analysis model ([Table 3](#T3){ref-type="table"}). An INR ≥1.8, alanine aminotransferase ≥40 IU, hemorrhage volume ≥30 mL, and a spot sign were significantly associated with hematoma growth ([Table 2](#T2){ref-type="table"}) in univariable analysis and then entered into multivariable logistic regression analysis ([Table 4](#T4){ref-type="table"}). Warfarin medication and hematocrit were also entered into a multivariable model due to a borderline probability for hematoma growth (*p*\<0.1) ([Table 2](#T2){ref-type="table"}, [4](#T4){ref-type="table"}).

After adjustment of potential factors, time from ictus to CT scan \<3 hours was the only factor identified as a significant predictor for the CTA spot sign (OR, 5.14; 95% CI, 1.76-15.02; *p*=0.068). Intraventricular extension was revealed as a borderline association factor (OR, 1.96; 95% CI, 0.95-4.05; *p*=0.002) for the CTA spot sign ([Table 3](#T3){ref-type="table"}). On the other hand, a CTA spot sign (OR, 5.70; 95% CI, 2.70-12.01; *p*\<0.001) and elevated GPT level \>40 IU (OR, 2.01; 95% CI, 1.01-4.01; *p*=0.047) were independent predicting factors of hematoma growth. Though an INR of 1.8 or greater was marginally related to hematoma growth in the multivariable binary logistic regression model 1, an INR ≥1.8 or warfarin medication was significantly associated with hematoma growth in model 2 ([Table 4](#T4){ref-type="table"}).

In the subgroup analysis of 78 hematoma growth patients, the time from ictus to hematoma growth was shorter in the group with spot signs than in the group without any spot sign ([Fig. 3](#F3){ref-type="fig"}). In addition to a spot sign (OR, 3.47; 95% CI, 1.15-10.48; *p*=0.027) and large hemorrhage volume of 30 mL or more (OR, 3.63; 95% CI, 1.25-10.57; *p*=0.018), antiplatelet medication (OR, 4.92; 95% CI, 1.31-18.50; *p*=0.019) showed a significant association with hematoma growth within 6 hours from ictus in multivariable regression analysis ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Our study showed that an elapsed time from ictus to CT scan of 3 hours or less was an independent predictor for a CTA spot sign. Additionally, a CTA spot sign and elevated GPT level were independent predictors for hematoma growth of acute ICH patients in Korea. Elevated INR was marginally associated with hematoma growth, and antiplatelet medication was particularly related to hematoma growth within 6 hours of ictus.

Only an elapsed time to CT scan of 3 hours or less was strongly associated with a CTA spot sign in the current study ([Table 3](#T3){ref-type="table"}). Similar to our results, an elapsed time to CTA scan of 3 hours or less as well as an intraventricular extension were shown to be predictors of a CTA spot sign by Delgado Almandoz et al.[@B9],[@B10]. However, Radmanesh et al.[@B33] reported that a hemostatic factor, such as warfarin medication, was a shared predictor for a CTA spot sign for both deep and lobar ICH, while the time to CTA scan was identified as a risk factor only for deep ICH. On the contrary, in the present study, there was no difference in the occurrence of a CTA spot sign between deep and lobar hemorrhages ([Table 1](#T1){ref-type="table"}), and intraventricular extension showed a borderline association with the CTA spot sign ([Table 3](#T3){ref-type="table"}). In addition, [Fig. 3](#F3){ref-type="fig"} demonstrates that the time from ictus to hematoma growth of ICH with a CTA spot sign was shorter than that without a CTA spot sign. Furthermore, in hyper-acute ICH within 3 hours of ictus, there may be a high probability of the presence of a CTA spot sign, which leads to early hematoma growth.

Many recent studies have reported that a CTA spot sign may be a good radiologic indicator for hematoma growth as well as poor outcome for acute ICH patients in Western countries[@B9],[@B11],[@B39]. Hemostatic factors, such as INR elevation, have been shown in many studies to be risk factors for hematoma growth in acute ICH but not factors in initial ICH volume[@B5],[@B17],[@B20]. The CTA spot sign has also been an independent and strong predictor for hematoma growth and poor outcome[@B2],[@B9],[@B11],[@B19],[@B25],[@B39]. In our results, the presence of a CTA spot sign was also found to be markedly related to hematoma growth and poor outcome ([Table 2](#T2){ref-type="table"}, [4](#T4){ref-type="table"}). GPT elevation was newly identified as an association factor for hematoma growth. In a large epidemiological study in Asian countries, GPT elevation was revealed to be associated with ICH development in East Asia, and a Korean medical insurance corporation study also showed the association between GPT elevation and ICH occurrence[@B21],[@B22]. Therefore, further research examining GPT elevation and hematoma growth in acute ICH may be necessary.

Several previous studies have demonstrated an association between warfarin use and hematoma growth[@B5],[@B17],[@B20], but the present study did not show a significant association due to testing different populations and a different sampling design. In contrast to the larger percentage of patients who had used warfarin in the prior study (23.0%)[@B17], our sample population contained a small proportion of only 7 (2.4%) patients who had used warfarin before ICH development; therefore, the effect of warfarin on the size of hematoma growth might be underestimated in our results ([Table 2](#T2){ref-type="table"}). One Japanese cohort study was consistent with our finding that anticoagulant medication was not significantly different between patients with and without hematoma growth[@B36]. Moreover, for hemostatic status, an INR elevation of 1.8 or more was a marginally significant predictor of hematoma growth ([Table 4](#T4){ref-type="table"}, model 1), and an INR ≥1.8 combined with warfarin medication showed a significant association with hematoma growth ([Table 4](#T4){ref-type="table"}, model 2). Therefore, a vitamin K antagonist may be a risk factor for hematoma growth in acute ICH.

With regard to antiplatelet medication, some investigators have reported increased early hematoma growth, but others could not show that the previous antiplatelet medication was associated with hematoma growth in acute ICH[@B29],[@B30],[@B35],[@B37]. In our results, antiplatelet medication was a significant risk factor for hyper-acute hematoma growth within 6 hours of ictus ([Table 5](#T5){ref-type="table"}). An ongoing randomized clinical trial to confirm the efficacy and safety of platelet transfusion in ICH may address this issue[@B7].

To date, the CTA spot sign and contrast extravasation have not been definitively differentiated as early radiologic markers for hematoma growth in acute ICH[@B2],[@B9],[@B18],[@B39]. Moreover, the CTA spot sign has been variously defined as a foci of enhancement within the hematoma on CTA source images (proposed by Wada et al.)[@B39], and the criteria have included such characteristics as one or more foci of contrast pooling within the ICH, an attenuation of 120 Hounsfield units or more, a discontinuity from normal or abnormal vasculature adjacent to the ICH, as well as having any size or morphology (suggested by Delgado Almandoz et al.)[@B9]. Compared with the rates of CTA spot sign in studies performed in Western countries (22-41%)[@B11],[@B13],[@B19],[@B39], the spot sign rate in our study (13.9%) was relatively low and in accordance with that of another study in Korea (15%)[@B32]. First, this finding may be attributable to the relatively longer time window of enrollment for patients in our study (as was used in the study by Park et al.[@B32] and to the inhomogeneous definition of CTA spot sign compared with the results in the literature[@B9],[@B10],[@B11],[@B19],[@B25],[@B39],[@B40]. Second, the first pass CTA may have a lower spot sign detection rate than delayed enhanced CT imaging[@B23].

Prior studies in Western countries have reported that hematoma growth is a strong predictor of early mortality and poor functional outcome[@B5],[@B6],[@B8],[@B29]. In the current study, hematoma growth increased the probability of early death in acute ICH patients (*p*=0.018) ([Table 2](#T2){ref-type="table"}); this finding is consistent with that of another study in Korea[@B32]. Therefore, hematoma growth may be accepted as one of the important predictors of mortality and poor outcome in Korean patients with acute ICH. The 1-month mortality in this study ([Table 1](#T1){ref-type="table"}) was also comparable to those of other studies for Korean patients with acute ICH[@B24],[@B32].

This study revealed the association and risk factors between the CTA spot sign and hematoma growth, as well as the clinical impact for early outcome in Korean patients with acute ICH. However, there were some limitations, including the retrospective study design, multiple testing problems, and a generalizability issue due to the single-center sample.

CONCLUSION
==========

Our results were consistent with those of previous other populations in the way that the CTA spot sign showed a strong probability of being identified in the hyper-acute stage and was an independent strong predictor for hematoma growth in Korean patients with spontaneous ICH. Oral antithrombotics including vitamin K antagonists or antiplatelet drugs might also be associated with hyper-acute hematoma growth in our population. Unlike prior studies, elevated GPT was newly identified as a predictor for hematoma growth and a further prospective study to confirm this association between elevated GPT and hematoma growth in Korean patients with acute ICH.

![Flowchart of patient selection. ICH : intracerebral hemorrhage, AVM : arteriovenous malformation, AVF : arteriovenous fistula.](jkns-56-295-g001){#F1}

![Representative CT angiography (CTA) images obtained from a 50-year-old woman with a history of daily alcohol consumption who arrived at our hospital within 42 minutes of ictus. A : Non-contrast brain CT showing an acute hemorrhage in the right putamen. B : A small enhanced focus of contrast in the middle of the hematoma (black arrow). C : CTA image showing no intracranial vessel abnormality. D : Hematoma growth identified on a brain CT image acquired immediately after her neurologic deterioration 4 hours after arrival at our hospital.](jkns-56-295-g002){#F2}

![Among the 78 patients with hematoma growth, a comparison of the time from ictus to hematoma growth between the spot sign-positive group (n=25, 32.1%) and the spot sign-negative group (n=53, 67.9%). A Mann-Whitney U test was used to compare the two groups.](jkns-56-295-g003){#F3}
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Clinical, laboratory, and radiologic characteristics of acute ICH patients with or without CTA spot sign
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^\*^Primary prevention of cerebrovascular or cardiovascular or peripheral vessel event, ^†^Time from arrival to goal of blood pressure according to our center\'s guideline. SD : standard deviation, INR : international normalized ratio, GPT : alanine transaminase
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Clinical, laboratory, and radiologic characteristics of acute ICH patients with or without hematoma growth
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^\*^Primary prevention of cerebrovascular or cardiovascular or peripheral vessel event, ^†^Time from arrival to goal of blood pressure according to our center\'s guideline. ICH : intracerebral hemorrhage, SD : standard deviation, INR : international normalized ratio, GPT : alanine transaminase
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Predictors of CTA spot sign in acute spontaneous ICH
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CTA : CT angiography, ICH : intracerebral hemorrhage, OR : odds ratio, CI : confidence interval
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Predictors of hematoma growth in acute spontaneous ICH
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INR : international normalized ratio, GPT : alanine transaminase, OR : odds ratio, CI : confidence interval
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Predictors of hematoma expansion within 6 hours in 78 hematoma growth patients
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OR : odds ratio, CI : confidence interval
